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[0002] 
[Prior Art] 

A various kinds of bearing units comprising an outer race and 
inner race rotatabiy combined through rolling elements are used in 
order to rotatabiy support a road wheel in a suspension. Moreover, a 
bearing unit for driving a road wheel is provided to support a driving 
wheel in a suspension of the independent suspension type, and to 
drive the driving wheel to rotate. It is required for the bearing unit for 
driving the road wheel to be combined with a constant velocity joint 
to transmit the rotation of the driving shaft to the road wheel 
smoothly (with constant velocity secured) regardless of relative 
displacement between the differential gear and the driving wheel 
and the steering angle applied on the road wheel. Fig. 3 shows a 
road wheel drive apparatus for automobile comprising a bearing unit 
1 for supporting a road wheel and a constant velocity joint 2 
combined with each other for this purpose. 
[0003] 

The bearing unit 1 for supporting a road wheel comprises an 
outer race 3, a hub 4, an inner race 5 and a plurality of rolling 
elements 6, 6, such that the hub 4 and inner race 5 are rotatabiy 
supported through the rolling elements 6, 6 radially inside the outer 
race 3. The outer race 3 has a first flange 7 formed on its outer 
peripheral surface, and the first flange 7 is connected and fixed to 
the knuckle 8 of the suspension (see Fig. 4 ), so that the outer race 
3 does not rotate even during use. Moreover, the outer race 3 is 
provided with a double row of outer raceways 9, 9 on Its inner 
peripheral surface, so that the hub 4 and Inner race 5 are provided 
coaxial with and rotated on the radially inside the outer race 3. 
[0004] 

The hub 4 has a second flange 10 on its outer peripheral 
surface at a portion closer to the end on the outer side so as to 
support the road wheel. (The term "outer side" with respect to the 
axial direction means the outer side in the widthwise direction of the 
vehicle when assembled in the vehicle, which is the same through 
the specification, and the left side in the figures.) Moreover, the 
hub 4 has a first inner raceway 11 on its outer peripheral surface at 
an intermediate portion, and a smaller diameter step portion 12 on 
its outer peripheral surface at a portion closer to the end on the inner 



side. (The term "inner side" with respect to the axial direction means 
the central side in the widthwise direction of the vehicle when 
assembled in the vehicle, which is the same through the 
specification, and the right side in the figures.) And, the inner race 5 
with a second inner raceway 13 formed on its outer peripheral 
surface is fitted onto and fixed to the smaller diameter step portion 
12. The hub 4 is formed with a spline hole 14 through Its central 
portion. 
[0005] 

On the other hand, the constant velocity joint 2 comprises an 
outer ring 15, inner ring 16 and a spline shaft 17. The outer ring 15 
and the spline shaft 1 7 form a driving shaft memberl 8. Specifically, 
the spline shaft 17 is provided on the outer end of the driving shaft 
18 to be engaged with the spline hole 14. The outer ring 15 of the 
constant velocity joint is provided on the inner end of the driving 
shaft member 18. Outer engagement holes 19, 19 are formed on the 
inner peripheral surface of the outer ring 1 5 of the constant velocity 
joint at locations in the circumferential direction, such that the outer 
engagement holes 19, 19 are orthogonal to the circumferential 
direction. The inner ring 16 of the constant velocity joint 2 has a 
second spline hole 20 through its central portion, and inner 
engagement grooves 21, 21 on its outer peripheral surface in 
alignment with the outer engagement holes 19, 19, such that they 
are orthogonal to the circumferential direction. In addition, balls 22, 
22 are provided between the inner engagement grooves 21, 21 and 
the outer engagement grooves 19, 19 and held by a retainer 23 to 
be Tollable along the engagement grooves 21, 19. The components 
of the constant velocity joint 2 is similar in shape etc. to those of the 
Rzeppa type constant velocity joint, and not related with the gist of 
the present invention, so detailed descriptions on them are omitted. 
[0006] 

With the constant velocity joint 2 and bearing unit 1 for 
vehicle wheel support as mentioned above, the spline shaft 17 is 
inserted into the spline hole 14 of the hub 4 from the inside to the 
outside with reference to the axial direction. A male thread 24 is 
provided in the outer end of the spline shaft 17 at a portion 
projecting from the outer end face of the hub 4, and a nut 25 is 
threaded and tightened onto the male thread 24 to connect them 
together. In this state, the inner end face of the inner race 5 is 
abutted to the outer end face of the outer ring 15 of the constant 



velocity joint, so that the inner race 5 never moves in the direction to 
come out of the smaller diameter step portion 12. At the same time, 
a proper preload is applied to the rolling elements 6, 6. 
[0007] 

Moreover, when assembled in the suspension of the 
automobile, the second spline hole 20 in the central portion of the 
inner ring 16 of the constant velocity joint is engaged through spline 
with the male spline 27 provided on the outer end of the drive shaft 
26. Moreover, a fitting groove 28 is formed generally along the outer 
peripheral surface in the outer end of the male spline 27, while a 
fitting step 30 is provided on the outer end of the second spline hole 
20 along the peripheral edge of the opening, and a retaining ring 29 
is anchored in the fitting groove 28 and engaged with the fitting step 
30 so as to prevent the spline portion 27 from coming out of the 
second spline hole 20. The inner end of the drive shaft 26 is 
connected and fixed to the central portion of the trunnion of the 
constant velocity joint of the tripod type (not shown) which is 
provided on the output shaft of the differential gear (not shown). 
[0008] 

A bearing unit for vehicle drive as shown in Fig. 4 is 
described in U.S. Patent No. 4881842. In the case of the second 
example in the prior art structure in Fig. 4, an outer race 3 is fixed to 
a knuckle 8, and a hub 4 is rotatably supported by a double row of 
rolling elements 6, 6 within the outer race 3. A spline hole 14 is 
formed through the central portion of the hub 4, and a spline shaft 
17 of a drive shaft member 18a is connected to the spline hole 14. 
An anchor portion 31 is formed in the outer end face of the spline 
shaft 17 to anchor a tool to pull the spline shaft 17 into the spline 
hole 1 4. Moreover, a fitting groove or inside engagement portion 32 
is formed on the outer peripheral surface of the spline shaft 17 at a 
portion closer to its tip end, while a fitting step portion or outside 
engagement portion 35 is formed on the inner peripheral surface of 
the hub 4 at a portion facing the fitting groove 32, and a retaining 
ring 33 is provided around the fitting groove 32 and fitting step 
portion 35 so as to prevent the spline shaft 17 from coming out of 
the hub 4. In this state, a resilient ring 34 is resiliently compressed 
between the hub 4 and the outer ring 15 of the constant velocity joint 
of the drive shaft member 18a. In addition, the inner race 5 with the 
inner raceway 1 3 formed on its outer peripheral surface is fitted on 
the hub 4 at a portion closer to its inner end, while a fitting groove 36 



is formed at the inner end of the hub 4 on the outer peripheral 
surface of a portion projecting axial ly inward from the inner end of 
the inner race 5, and a retaining ring 37 is anchored in the fitting 
groove 37. The inner end face of th inner race 5 is retained by the 
retaining ring 37 to prevent the inner race 5 from moving in the axial 
direction 5. 
[0009] 

With the second example of the prior art structure described 
in the specification of U.S. Patent No.4881842, it is easy to 
assemble the bearing unit 1a for vehicle wheel support with the 
constant velocity joint 2a. Specifically, in the case of the first 
example of the prior art structure as shown in Fig. 3, troublesome 
work is required such that a nut 25 is threaded on the male thread 
portion 24 of the spline shaft 17 and tightened there to connect the 
bearing unit 1 for vehicle wheel support with the constant velocity 
joint 2. Such troublesome work for connecting the bearing unit 1 for 
vehicle wheel support with the constant velocity joint 2 causes any 
increase in the cost required in assembling the bearing unit for 
vehicle wheel drive. In addition, the bearing unit for vehicle wheel 
drive becomes large in size due to the provision of the male thread 
24 and nut 25, and its weight increases. On the other hand, in the 
case of the second example of the prior art structure, the bearing 
unit 1a for vehicle wheel support is connected with the constant 
velocity joint 2a simply by providing the retaining ring 33 around and 
between the inner peripheral surface of the outer end of the hub 4 
and the outer peripheral surface of the outer end of the spline shaft 
17, the connecting work of the bearing unit 1a for vehicle wheel 
support with the constant velocity joint 2a is easy, and the cost 
required for assembling is made lower. 
[0010] 

However, in the both cases of the prior art structures, there 
may be slight clearance in the spline engagement section of the 
male spline portion 38 formed on the outer peripheral surface of the . 
spline shaft 1 7 and the female spline portion 39 formed on the inner 
peripheral surface of the spline hole 39, between the side faces of 
their teeth facing each other in the circumferential direction in the 
neutral state (when no torque is transmitted between the spline shaft 
17 and the hub 4). Although generally torque is transmitted between 
the spline shaft 17 and the hub 4 through the spline engagement 
section 40, when there is slight clearance caused between the side 



faces of the teeth of the male and female spline portions 38, 39, 
there is relative displacement, although slight, in the circumferential 
direction between the male and female spline portions 38, 39 during 
acceleration and deceleration of the automobile. And, based on this 
relative displacement, the side faces of the teeth of the mal and 
female spline portions 38, 39 come into contact with each other in a 
shockingly strong manner, which would generate teeth-rattling noise 
causing discomfort to the riders in the automobile. In the case of the 
first example of the prior art structure in Fig. 3, there is no contact in 
the shockingly strong manner between the spline teeth, and so such 
large teeth-rattling noise is hardly generated because there is large 
friction forces exerted between the hub 4 and inner race 5 and the 
nut 25 and drive shaft member 18 due to tightening of the nut 25. On 
the other hand, in the case of the second example of the prior art 
structure shown in Fig. 4, friction forces do not exert enough to 
suppress the relative movement between the sline shaft 1 7 and the 
hub 4, and so large teeth-rattling noise may be generated when no 
countermeasure is taken. 
[0011] 

Accordingly, when working the prior art structures as 
mentioned above, for example, it is considered that the teeth of the 
male spline 38 are formed in a shape such that a torsion angle is 
given, so that the teeth of the male spline 38 are inclined with 
reference to the central axis of the spline shaft 17 (for example 
about 10 degrees). In this case, no torsion angle is given to the teeth 
of the female spline 39 to be engaged with the male spline 38, but 
the teeth of the female spline 39 are formed parallel to the central 
axis of the spline hole 1 4. Incidentally, the male spline 38 is formed 
in a predetermined shape with a torsion angle as mentioned above 
by way of having the outer peripheral surface of the spline shaft 1 7 
subjected to a rolling process, and then subjected to induction 
hardening for surface hardening. On the other hand, the female 
spline 39 is formed by way of having the inner peripheral surface of 
the spline hole 14 subjected to a broach process in a predetermined 
shape with no torsion angle given as mentioned above, and it is left 
unquenched. 
[0012] 

By forming the male spline 38 with a torsion angle given as 
mentioned above, the side faces of the teeth of the male and female 
splines 38, 39 are pushed to each other at the axial opposite ends in 



the state where the bearing unit for vehicle wheel support 1a is 
connected to the constant velocity joint 2a, and so teeth-rattling 
noise is prevented from occurring during automobile running. On the 
other hand, it is also considered that the teeth of the male and 
female splines 38, 39 are formed parallel in the axial direction while 
the distance between the circumferentially adjacent teeth is 
regulated, so as to make the side faces of the teeth of the both 
splines 38, 39 strongly push each other generally along the axial 
length. In such a structure, the teet-rattling noise can be suppressed, 
but the shape and dimensions must be strictly precisely regulated in 
precision, and so not only the cost is increased but also the force 
(press-In force) required to press the spline shaft 1 7 into the spline 
hole 14 is excessive, which is not desirable. On the other hand, in 
the case where the male spline 38 is formed with a torsion angle 
given to prevent the teeth-rattling noise, the side faces of the teeth 
of the splines 38, 39 are pushed to each other only at the axially 
opposite ends, resulting in smaiier press-in forces. 



